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ABSTRACT 
 
Aim:  to evaluate the flow, working time, setting time, film thickness and solubility of a  
 
novel root canal sealers (MTA Fillapex) in comparison with a zinc oxide-eugenol– based  
 
sealer (Tubli-Seal), epoxy resin-based sealers (AH 26), a calcium hydroxide-based sealer  
 
(Apexit Plus), and a silicone-based sealer (ReokkoSeal Automix). 
 
Materials and methods: ISO 6876/20012 specifications were followed except for the  
 
 solubility test. Solubility was measured by the amount of material extracted from the  
 
specimens left in water over 24 hr period. Film thickness was measured as the distance  
 
between weighted glass slides containing a standard quantity of sealer. Flow was  
 
assessed by rate of sealer extrusion through a standard bore diameter, after unit time.  
 
Working time was taken as the point at which flow rate was reduced by 10%. The  
 
indentation test using a modified Gilmore needle was employed to investigate the setting  
 
times. 
 
Results: ReokkoSeal Automix and MTA Fillapex were the least soluble, whilst Tubli- 
 
Seal was the most unstable in water. Also, Tubli-Seal had the highest film thickness. All  
 
sealers showed comparable flow rates. The working time varied from 30 min for MTA  
 
Fillapex to 4 hr for AH 26. The range of setting times recorded was from 64 min for  
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Tubli-Seal Xpress to more than 5 hr for AH 26. 
 
Conclusions: MTA Fillapex and RoekoSeal Automix showed the greatest stability in  
 
Solution. The film thickness values in increasing order were: AH26 < Apexit plus =  
 
RoekoSeal Automix < MTA Fillapex < Tubli-Seal Xpress. The flow rates for Tubli-Seal  
 
xpress, AH26, and RoekoSeal Automix are statistically similar, while Apexit plus and  
 
MTA Fillapex are statistically similar. The working times for all sealers were greater than  
 
30 min. AH26 did not set when incubated in volumes sufficient to fill the test matrices. 
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INTRODUCTION 
 
     Obturation of root canal system can be defined as “The three-dimensional filling of  
the entire root canal system as close to the cement-enamel junction as possible. Minimal  
amount of root canal sealers, which have been demonstrated to be biologically  
compatible, are used in junction with the core filling material to establish and adequatly  
seal”  
(American Association of Endodontics) 
     The primary function of a root canal sealer is to obliterate the interface between the  
core material and the dentinal walls of the root canal, thus creating a hermetic seal. This  
seal should prevent the ingress of fluid and bacteria that may retard healing with the  
subsequent development of secondary pathology. A Root canal filling material must  
present appropriate biologic and physicochemical properties in order to fulfil its  
functions. Gutta perch and conventional sealer (ZOE) combination still has its own  
shortcomings, like its inability to strengthen root, as it does not perfectly adhere to dentin,  
inability to control microleakage, and the solubility of sealer makes prognosis dilemmatic  
and un-assuring. Therefore, studying the physical properties of root canal sealers, in vitro,  
can give an indication of their handling characteristics in addition to how well they  
function in sealing the root canal system. 
     The physical properties for five different root canal sealers were investigated and  
compared in this study, for the better understanding which sealer group can perfect the  
required function of an endodontic sealer.    
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LITERATURE REVIEW 
 
Root Canal Sealers 
     Endodontic sealers are used as an adjunctive material with a master filling material in  
the obturation process in root canal therapy, with the purpose of  achieving a compact  
fluid tight seal throughout the canal including the apical foramen, accessory and lateral  
root canals and minor discrepancies between the dentinal walls and the core filling  
material [1].  
     Ensuring a secure, thorough and long-lasting seal of a prepared root canal is very  
important for the success of the root canal treatment [2,3,4]. According to Ørstavik,  
sealers play an important role in sealing root canal systems with entombment of  
remaining microorganisms and filling inaccessible areas of prepared canals [5]. The main  
purpose of obturation is to prevent reentry of bacteria and/or toxins into the filled root  
canal that could invade the periapical tissues and cause infection followed by endodontic  
failure [2, 4, 6]. Several studies reported that in order to create an optimal seal, obturation  
materials should always be used in conjunction with endodontic sealers [5, 7, 8], where  
these sealing materials function as binding agents, antimicrobial agents and lubricating  
agents, moreover they provide a radiopaque appearance on x-rays and fill the  
discrepancies between the core material and the dentin walls. The use of root canal  
sealers without obturating points is contraindicated. When used in bulk, the sealers are  
either too soluble or shrink excessively on setting [9]. Additionally, it is difficult to gauge  
when the canal is adequately filled, and there is a danger that the sealer may pass beyond  
the root apex into the surrounding tissues. Root canal sealers should possess certain  
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characteristics for it to provide its maximum function. In 1940, Grossman developed a  
list for the requirements of an ideal root canal sealer and they are listed as following: 
 
Grossmans requirements for an idea root canal sealer [6, 8, 9, 10, 11, 12]: 
1- It should be tacky when mixed to provide adequate adhesion with the root canal  
 
walls. 
 
2- It should provide excellent and tight seal when set. 
 
3- It should be radiopaque for good visibility in the radiograph. Radiopacity is  
 
            provided by adding salt of heavy metals and halogen like lead, silver, barium,  
 
            bismuth or iodine.  
 
4- It should be easy to manipulate. 
 
5- It should be dimensionally stable, where it should not shrink upon setting.\ 
 
6- Should not cause any tooth discoloration. 
 
7- Should be bactericidal or at least bacteriostatic. 
 
8- Should have a long setting time (set slowly) to ensure sufficient working time. 
 
9- Should be insoluble in tissue fluid. 
 
10- It should be soluble in common solvents to help the removal of the root canal  
 
filling if necessary. 
 
11- Should be biocompatible, where it should be tolerant and does not cause any  
 
irritation to the periradicular tissue. 
 
12- It should not provoke an immune reaction. 
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13- Should not be malignant nor carcinogenic.  
 
     There are several commercial root canal sealers available in today’s market,  
 
Unfortunately no one of them satisfies all the above criteria. However, sealer selection  
 
may influence the outcome of endodontic treatment [5]. 
 
 
Classification of Root Canal Sealers: 
 
     Several classifications for endodontic sealers have been reported, these classifications  
 
are [6, 12, 13, 14]: 
 
 Classification according to Harty FJ: 
 
1- Zinc oxide eugenol based cement. 
 
2- Resin based  sealers consists of an epoxy resin base which sets upon mixing  
                with an activator. 
           3- GP based cements consists of solution of gutta-percha in organic solvents. 
           4- Dentin adhesive materials. 
 
           5- Materials to which medicaments have been added; these are divided into: 
 
I. Those in which strong disinfections have been added in order to decrease  
 
possible postoperative pain, e.g. paraformaldehyde and corticosteroid  
 
preparation. 
 
II. Those in which calcium hydroxide has been added with the purpose of  
 
inducing cementogenesis and dentinogenesis at the foramen, thus creating  
 
a permanent biological seal, e.g. calcibiotic root canal sealer (CRCS),  
 
sealapex and biocalex. 
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 Classification according to Grossman: 
 
1- Zinc oxide resin cement. 
 
2- Calcium hydroxide cements. 
 
3- Paraformaldehyde cements. 
            4- Pastes. 
 Classification based on the absorbability (by Clark): 
 
1- Absorbable root canal sealers.  
 
2- Non-absorbable root canal sealers. 
 
 Classification according to Ingle: 
 
1- Cements. 
 
2- Pastes. 
 
3- Plastics. 
 
 Classification according to the intended use (Cohen, ADA): 
     ADA specification number 57 classifies endodontic filling materials as following: 
            1- Type I: Materials intended to be used with core materials, this group is further  
                    classified into: 
               a. Class 1: Includes material in the form of powder and liquid that set through a  
                   nonpolymerizing process. 
               b. Class 2: Includes material in the form of two pastes that set through a  
                   nonpolymerizing process. 
               c. Class 3: Includes polymers and resin systems that set through polymerization. 
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            2- Type II: Materials intended to be used with or without core materials or sealers,  
                 this type is further classified into: 
                 a. Class 1: Powder and liquid nonpolymerizing. 
                 b. Class 2: Paste and paste nonpolymerizing.  
                 c. Class 3: Metal amalgams. 
                 d. Class 4: Polymer and resin system-polymerization. 
 Classification based on the composition (Orstavik): 
 
1- Zinc oxide eugenol based root canal sealers (e.g. Tubliseal, Kerr). 
 
2- Calcium hydroxide containing root canal sealers (e.g. Apexit, Ivoclar;  
  
Sealapex, Kerr). 
 
3- Glass ionomer based root canal sealers (e.g. Ketac Endo, 3M/ ESPE; Endion,  
 
Voco). 
 
4- Epoxy resin based root canal sealers (e.g. AH and AH Plus, Dentsply;  
 
Diaket, 3M/ESPE). 
 
5- Methacrylate resin based root canal sealers (Endo-Rez; Epiphay) 
 
6- Mineral trioxide aggregate (MTA) (e.g. Pro-Root MTA, Dentsply; Fillapex,  
 
Angelus).  
 
7- Silicone based root canal sealers (e.g. RSA RoekoSeal, Roeko). 
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Zinc Oxide Eugenol Based Root Canal Sealers 
     Zinc oxide eugenol sealers are one of the most widely used and longest tested  
endodontic sealer. It’s considered the gold standard in endodontics.  There are many  
formulations and commercial brands available in the market. With zinc oxide the main  
composition, other chemical components where added for various reasons, mostly to  
impart bacteriocidal properties, to increase their radiopacity, and to improve its  
adhesiveness to the canal walls [9, 15, 16]. The setting reaction of ZOE-based sealers is a  
chelation reaction occurring between eugenol and the zinc ion of the zinc oxide  
developing zinc eugenolate. In 1931, Rickert, developed the first zinc oxide eugenol  
sealer but for reasons like poor dimensional stability after stting and tooth discoloration  
that was caused by the silver content, other formulas were then suggested. The standard  
composition for zinc oxide eugenol sealer according to Grossman is listed in Table 1[7,  
15, 16, 17]. 
 
Table 1: Standard composition for zinc oxide eugenol sealer (Grossman’s sealer): 
Powder Liquid 
42%  Zinc oxide Eugenol (4-allyl-2-methaoyphenol) 
27% Staybelite resin  
15% Bismuth subcarbonate  
15% Barium sulfate  
1% Sodium borate, anhydrous  
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      Additive components that were added to zinc oxide sealers are such as thymol or  
thymoliodide in order to increase the antimicrobial effect, other products contain  
hydroxyl apatite or calcium hydroxide to improve apical sealing and bone regeneration.  
ZOE sealer may also contain colophony (a rosin, mainly diterpene resin acids) which  
acts as a plasticizer, to increase the adhesiveness of the sealer, to adjust the setting time  
and reduce the solubility and disintegration [7, 16].  
     Clove oil (contain 70-85% eugenol), peru balm and eucalyptus oil have been used as  
alternatives for eugenol [15]. For ZOE sealers to have a radiopaque appearance on x- 
rays, different heavy metal salts are added, such as silver, barium and bismuth salts,  
however silver is no longer recommended due to its dark color and its potential to cause  
tooth discoloration [7]. Paraformaldehyde, mercury compounds, and corticosteroids have  
also been added to zinc oxide eugenol formula but because of the potential harmful effect  
they can cause, these ingredients are no longer recommended for use [7]. 
     The general advantages for zinc oxide eugenol containing sealers include ease of  
manipulation, excellent lubrication and sealing property, it readily fills the spaces  
between the gutta percha and the canal walls, it has a sufficient working time and low  
setting time in the absence of moisture. It shows no evidence of shrinkage after setting,  
and has an antimicrobial effect [6, 7]. Zinc oxide eugenol sealers are cytotoxic and in  
high doses mutagenic. The cytotoxicity is caused by free eugenol that is always present in  
freshly mixed materials, it can have an effect on human gingival fibroblasts, periodontal  
ligament (PDL) cells, and osteoblast-like cells. Gradually, the eugenol release diminishes,  
so that in the long term these sealers are well tolerated. Haseih et al. [18] reported that  
leakage of eugenol into periapical tissues is very low, and it dramatically decreases over  
time. The free eugenol in the freshly mixed materials gives the sealer a temporary  
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antibacterial effect which may conceivably be beneficial. Clinical experience indicates  
that from a biological point of view, these materials appear to be clinically safe to use [7,  
19].  
     The main disadvantages for ZOE sealers are the slow setting time and the high solubility  
in tissue fluids. In a comparison study for the solubility property between zinc oxide  
eugenol and other endodontic sealer types, it was reported that ZOE sealer showed  
significantly the greatest weight loss, therefore it’s significantly more soluble [17].  Zinc  
eugenol and calcium hydroxide sealers have appeared to have the greatest solubility than  
other sealers as concluded by different studies [15]. 
      Several commercial zinc oxide eugenol based sealers are available with additional  
and improved properties, for example; Tubli-seal (Kerr manufacturing company) that was  
developed in 1961 to overcome the staining property of Rickert’s sealer and Tubli  
seal EWT (Extended Working Time) Express. 
 
Calcium Hydroxide Containing Root Canal Sealers 
     Calcium hydroxide sealers became very popular when first introduced, they have been  
made in an attempt to benefit from their unique biological effect. Calcium hydroxide  
works by the release of hydroxyl and calcium ions that causes high PH level (range  
from 8 to 9), these ions  with the alkaline PH level may confer an antimicrobial effect,  
induce hard tissue formation and may promote healing [5, 7, 19, 20]. Theoretically, if a  
material is going to have a therapeutic effect, it cannot possibly be a stable material,  
unfortunately, for calcium hydroxide sealers to promote such functions, the sealer must  
dissolve, therefore leave voids in the obturated material, thus negating one of the  
principal functions of a sealer and weakening the remaining material [5, 7]. One  
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drawback for calcium hydroxide sealers is their high solubility, however, leakage cannot  
be linked directly to solubility. Based on current information in the literature, it can be  
concluded that in terms of leakage, calcium hydroxide based sealers are not superior to  
other groups of sealers. However, most studies conducted so far are laboratory based  
experiments or animal studies and extrapolation of such results to clinical situations may  
not be appropriate [5]. Schafer and Zandbiglari studied the solubility of different root  
canal sealers in both water and artificial saliva, it was found that most sealers were of low  
solubility, although calcium hydroxide sealer (Sealapex) showed a marked weight loss in  
all liquids [15]. 
     Several calcium hydroxide based sealers are now commercially available, such as  
Sealapex (Sybron Endo), RealSeal (Sybron Endo), Apexit and Apexit plus (Ivoclar  
Vivadent). Selecting calcium hydroxide sealer is usually to benefit from their biological  
behaviors, these sealers are indicated for use in the following conditions [21]: 
1- To promote apical closure in immature teeth. 
2- In the management of perforations (if unable to seal immediately). 
3- In the treatment of resorption.  
4- As a temporary dressing for canals where filling has to be delayed and in the  
    management of recurrent infection during endodontic treatment. 
     Limited number of studies have been conducted for testing the physiochemical  
behavior of calcium hydroxide based sealers, where most studies focused on their  
biological action. Accordingly, further investigations are recommended so such sealers  
could be used routinely.  
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Glass Ionomer Based Root Canal Sealers 
      Glass ionomer cement was first introduced as an endodontic sealer in 1991.  
The material is a hybrid with both organic and inorganic properties. It is composed of a  
fine calcium fluoro-alumino- silicate glass powder and aqueous solutions of homo- and  
copolymers of acrylic acid containing tartaric acid [9, 22]. The most significant property  
of these materials were found to be its long-term adhesion to the hydroxyapatite structure  
of enamel and dentin even when applied under moist conditions, for this reason it is  
believed that GIC sealers are able to strengthen the root structure, but they failed to bond  
to gutta percha [23]. GIC sealers are also characterized as tissue-compatible and  
nonresorbable [24].    
     Microleakage at the glass ionomer-tooth interface has been shown to occur in the oral  
cavity [22]. However, in the root canal, several leakage studies have demonstrated that  
glass ionomer root canal filling materials provided a superior apical seal when compared  
to other sealers [22]. Some promising results have been obtained with glass ionomer  
cement sealers, although working time still tend to be short and retreatment is a problem  
as the material sets very hard and tightly bonded to the canal walls and there is no know  
solvent for it [9].  
     Ketac-Endo sealer (3M/ESPE) is one of the available glass ionomer root canal  
sealers. Unfortunately, the use of glass ionomer sealers are very limited and it was  
recommended by many clinicians that further clinical investigations are required for the  
success of this sealer.  
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Epoxy Resin Based Root Canal Sealers 
     The attraction of resin systems is that these materials can readily be formulated in  
such a way that they have a rapid setting time and yet maintain a sufficiently long  
working time. Also, these products do not contain any coarse powders so they have a  
very smooth texture [9, 25]. Epoxy resin based sealers have certain favorable  
characteristics, such as adhesion to tooth structure, ease of mixing and excellent sealing  
ability. The adhesive property and the sealing ability of epoxy resin sealers have been  
investigated by Ørstavik et al. and Lim et al in a comparison study with other sealers and  
found epoxy resin sealer (AH26) to have the best results [26]. In addition, these sealers  
are known to have a long-term dimensional stability [25, 27]. A comparison study of  
physical properties of different root canal sealers by McComb et al. concluded that epoxy  
resin (AH26) showed superior properties with respect to strength, flow, radiopacity,  
dimensional stability and adhesion [28]. Epoxy resin sealers are not sensitive to moisture  
and will even set under water, however, they react with hydrogen peroxide if left in the  
root canal.  
     There are three commercial resin systems that have been around sufficiently long for  
some clinical data to have been gathered on them. These are; epoxy-amine resins (AH  
Plus and AH 26, DeTrey, Germany) and polyvinyl resin (Diaket, 3M/ESPE, Germany).  
They have very complex formulations. The resin sets by an addition polymerization  
reaction after the mixing process. The diepoxide and an amine react to form oligomers  
with epoxy and amino end groups, which can then react with other monomers or  
oligomers. This leads to a highly flexible thermoplastic polymer of high dimensional  
stability, although still subject to polymerization shrinkage. The addition polymerization  
reaction takes several hours and thus provides a long working time. Upon setting, traces  
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of formaldehyde are temporarily release, which initially makes it antibacterial. The  
radiopaque fillers ensure that the material has a high radiopacity, even when applied in  
thin layers. The main problem with these resins is the amount of shrinkage that takes  
place on setting, which can compromise the apical seal [9]. 
     No effect on general health are expected and allergic reactions are apparently rare.  
Antimicrobial properties are good, especially in a freshly mixed state. Cytotoxicity is  
moderate to low. Mutagenicity is mainly observed shortly after mixing and no  
unacceptable risk is expected for patients [17]. Kirsten et al. [29] investigated the  
mutagenicity of resin-based endodontic sealers by evaluating their potential to induce  
DNA double-strand breaks (DSBs) on extrusion into the periapical tissue and found that  
there were no indications for increased risk of genotoxicity of resin-based root canal  
sealers caused by the induction of DNA DSBs..   
 
Methacrylate Resin Based Root Canal Sealers 
     The concept of simultaneous bonding of root canal sealers to root filling materials and  
dentin is very popular [30]. When methacrylate resin sealers are combined with resilon 
(a thermoplastic synthetic polymer based root canal filling material that contains  
bioactive glass and radiopaque filler; gutta- percha alternative) this allow a mono-block  
to be formed between the canal walls and the obturation materials. However, there has  
been controversy in the results of some studies regarding the sealing property of these  
sealers;   number of studies stated that systems based on methacrylate resin sealers  
achieve better obturation and sealing of root canals [31], while other studies concluded  
that methacrylate resin sealers do not prevent gap formation and leakage, and have poor  
sealing property [17].  The flow, film thickness, and radiopacity are sufficient.  
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There are four generation of methacrylate resin based sealers [6]: 
1- 1st generation methacrylate resin based sealer, e.g. Hydron. 
2- 2nd generation methacrylate resin based sealer, e.g. EndoReal. 
3- 3rd generation methacrylate resin based sealer, e.g. Epiphany. 
4- 4th generation methacrylate resin based sealer, e.g. MetaSeal, RealSeal. 
     Cytotoxicity in cultures of methacrylate sealers varied from severely toxic to non- 
toxic among the different generations. A non-controlled 5 year clinical study found these  
sealers are in the range of other commercial endodontic sealers in regards to the  
biological properties [17].        
     Vitro studies, report conflicting results and clinical experience is very limited.  
Methacrylate resin based sealer materials are in an early stage of development. They have  
potential, although there is no clear proven clinical advantage so far [17].   
 
Mineral Trioxide Aggregate Root Canal Sealers (MTA) 
     MTA sealers were first introduced in 1993. They were developed from Portland  
cement [17]. Based on the ability of MTA sealers to support hard tissue repair at the root  
ends as well of pulpal exposures, MTA is recommended for pulp capping, pulpotomy,  
apical barrier formation in teeth with open apexes, repair of root perforation and root  
canal obturation [17, 32]. Holland et al [33, 34] found MTA sealers are able to induce  
closure of canal foramen by stimulating cementum formation without inducing any  
inflammatory response, therefore, they can be used as a root canal sealer [33, 34]. 
     The main components of MTA are tricalcium silicate, tricalcium oxide, bismuth  
oxide, dicalcium silicate, tricalcium aluminate and tetracalcium aluminoferrite [17, 32],   
with the addition of other mineral oxides in order to enhance MTA chemical and physical  
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properties. 
     There are numerous commercial MTA-based root canal sealers such as ProRoot Endo  
Sealer (Dentsply Maillefer), Fillapex (Angelus), MTA Obtura (Angelus), and Endo CPM  
Sealer (EGEO SRL). 
     The main advantages of sealers containing MTA as listed by Rawtiya M. et al. [32]  
are: 
1- They have excellent biocompatibility and are able to induce mineralization. 
2- They are bioactive, MTA sealers have the ability to stimulate the differentiation and  
     migration of hard tissue producing cells. 
3- MTA sealers have an alkaline PH, this can induce its antimicrobial property. 
4- It modulates the production of inflammatory mediators.  
5- MTA sealers are able to create a biological seal on its surface, this seal is made from  
    hydroxyapatite.    
6- Excellent adhesive property. 
7- They are able to release calcium ions that stimulates cell attachment and proliferation. 
8- MTA is a non-mutagenic and non-neurotoxic.  
9- MTA as a sealer provides effective seal against dentin and cementum and promotes   
    biologic repair and regeneration of periodontal ligaments. 
10- It is radiopaque. 
11- Low shrinkage.  
12- It is not sensitive to moisture and blood contamination. 
Disadvantages of MTA containing sealers, according to Rawtiya M. et al. [32]: 
1- MTA sealers my cause tooth discoloration by releasing ferrous ions. 
2- Long setting time (approximately 3 hours). 
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3- Short working time. 
4- Difficult to manipulate.   
5- Poor compressive strength. 
6- Difficult to be removed from root canals.  
     MTA sealers have provided auspicious results and also were considered a favorable  
alternative as compared to other sealers, however most conducted studies are laboratory  
based or in animal models, which may differ for clinical situations.  
      MTA Fillapex (Angelus, Londrina, PR, Brazil), a sealer based on calcium silicate,was  
introduced recently. Its composition after mixing is basically MTA, salicylate  
resin, natural resin, bismuth oxide, and silica. The manufacturer claims that it has  
excellent radiopacity, easy handling, a great working time, and low solubility, providing  
sealing through expansion during setting. However, up to now, there are limited  
independent publications about the physicochemical and biological properties of MTA  
Fillapex and its possible use in clinical practice. 
 
Silicone Based Root Canal Sealers 
     Silicons was introduced in 1984 as a basis for root canal sealers. The first developed  
silicone based sealer was made from condensation cross-linked silicones (C-silicones),  
while recent silicone sealers such as RoekoSeal-Automix (RSA from Roeko) consists of   
addition cross-linked silicons (A-silicones). These sealers show comparatively little  
leakage, are virtually non-toxic, but display no antibacterial activity [35]. A new silicone  
based sealer known as GuttaFlow (Roeko) was fabricated by adding gutta percha powder  
with particle size less than 30µm into the silicone matrix (polydimethylsiloxane).This  
addition was found beneficial because it lead to very promising properties, particularly,  
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low solubility, biocompatibility, low post-setting expansion, and ability for providing a  
thin film of sealer [17, 24, 35]. Furthermore, it henced greater adhesion with the  
dentinal walls and provided great adaptation of the root canal filling material to the canal  
walls [17, 24]. Both Wu et al and Kontakiotis EG et al reported after conducting a  
longitudinal in vitro study that silicone sealers have an excellent sealing ability [36, 37].  
No data for systemic toxicity and allergy are available. However, based on the  
composition of the material, no adverse type reaction is to be expected [35].   
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ADA 
     The American National Standards Institute/American Dental Association  
(ANSI/ADA) released a series of norms and tests (named Specification 57) to evaluate  
the physiochemical properties of endodontic filling and sealing materials, aiming at  
standardizing the tests and promote larger scientific quality in the researches. Following  
this protocol will provide clinically relevant laboratory information. This specification  
includes the following tests for endodontic sealers: film thickness, setting time, flow,  
radiopacity, and working time [11, 38]. Number of these tests are similar to those  
reported by ISO 6876. 
 
 
 
ISO 6876:2012 
     This International Standard specifies the requirements for testing methods for  
endodontic sealing materials which sets with or without the assistance of moisture and  
are used for permanent obturation of prepared root canals. The adapted test methods are  
for demonstrating the physical and mechanical properties for endodontic sealers to enable  
clinicians to anticipate the behavior of the sealing material during manipulation and after  
inserting into the root canal. This specification includes the following tests: flow,  
working time, setting time, film thickness, solubility and disintegration, and radioopacity  
[39].   
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Physical Properties of Root Canal Sealers 
     Working time, setting time and flow of the sealer determines their handling  
characteristics, while film thickness, solubility, dimensional stability, adhesiveness  and  
flow are important factors in determining their sealing ability [40] 
Flow: 
      Flow is an important property of an endodontic sealer because it gives an indication  
 
of how well the sealer can penetrate into the irregularities of the root canal system. The  
 
consistency of the  mixed sealer should be sufficiently thin to enable it to enter into  
 
narrow irregularities in the instrumented canals, yet sufficiently thick to avoid inadvertent  
 
flow of the material into the periapical tissues [41, 42]. Acceptable flow within the  
 
working time is important for any root canal sealer in order to reach and seal the apical  
 
foramen and lateral dentinal wall irregularities [41].  Wu et al. and Siqueira et al. [43,  
 
44] affirmed that flow rate plays an important role in allowing sealer penetration within  
 
confined areas of the root canal system. Flow depends on particle size, shear rate,  
 
temperature, and time from mixing.  It can be measured with either a rheometer or  
 
from the diameter of the film of sealer between two glass plates under load [5]. 
 
     According to ADA Spec. NO. 57 and ISO 6876, testing the flow is by placing 0.05 ml  
 
of the tested material  between two glass plates and applying a weight equal to 100 g on 
 
the upper plate. The diameter of the disc formed by the sealer is measured and reported as  
 
the flow for the material. For a clinical acceptable sealer, the flow test result should be no  
 
less than 20 mm [38, 39].   
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Working Time: 
 
     Working time is defined as the time after mixing during which the material retains a  
 
consistency adequate for insertion into the root canal and without any adverse effect on  
 
its properties. Consistency or flow, is an essential element in the concept of working time  
 
[41]. 
 
     Orstavik [45] studied the working time for different commercial root canal sealers  
 
using two different testing methods. The first method determines the working time as the  
 
time from the start of mix to until 10% reduction in the flow was observed, the second  
 
method utilized an oscillating rheometer. There was significant differences between the  
 
tow testing methods. There was tendency for the rheometer results to give a longer    
 
working time, therefore, this method of assessment is invalid [45]. 
 
     According to ADA Spec. NO. 57 and ISO 6876, a volume of 0.05 ml of the mixed  
 
sealer should be dispensed on the center of a glass plate, and covered by another glass  
 
plate with an addition 100 g weight on top. This assembly is then left for 10 minutes. The  
 
flow is then measured with a digital caliper. When the diameter of the sample is  
 
approximately 10% less than the initial diameter,  the working time is then established  
 
[38, 39].  
 
Setting Time: 
 
     Setting time is the time from the start of mix to the time that the root canal sealer  
 
achieves a hard set. It is desirable to have a setting time that is neither too fast nor too  
 
slow. A slow setting time has advantages of enabling the placement of sealer in more than  
 
one canal as well as the recovering of gutta-percha from a canal at the time of obturation  
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if correction is necessary. However, a setting time too slow can contribute to coronal  
 
leakage soon after the root canal treatment is complete [41, 46]. Another consideration is  
 
unset or partially set sealer may permit dislodgment of the apical gutta-perch leading to  
 
apical leakage [46]. 
 
     Evaluation of the setting time has been defined as the time from start of mix to the  
 
time a Gillmore needle, vicat needle, spatula, or steel rod will not penetrate the surface of  
 
the sealer [38, 39, 47, 48, 49, 50, 51, 52]. Another technique was by dropping mixed  
 
sealer on a glass slab and evaluating set by testing for indentability at different times [46,  
 
50]. A major problem with these in vitro techniques is that they don’t reflect the actual  
 
clinical conditions, where the endodontic sealers set in a totally different environment.  
 
They are placed in root canals with files or on the gutta-percha, then compressed into  
 
thin layers between gutta-percha and against the canal walls. The dentin walls contain  
 
moisture from the pulp tissue, irrigation solutions or anesthesia, or from tissue fluid.  
 
In addition, the sealers are in a more anaerobic environment so any of these above factors  
 
could speed or retard the setting time of the sealer [46].   
 
     Wiener and Schilder [51] studied the setting time for Z.O.E sealer at different  
 
temperature and humidity ranges, and concluded that the setting time decreases with  
 
increasing the temperature and humidity [51]. Particle sizes may also influence setting  
 
time. Larger particles prolong setting time whereas smaller ones cause a more rapid set  
 
 [53, 54].  
 
     According to ADA Spec. NO. 57 and ISO 6876, setting time is assessed by packing  
 
mixed sealer into molds. Than using a Gilmore needle with a weight of 100 g and an  
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active tip of 2.0-mm diameter, the needle is lowered vertically onto the horizontal surface  
 
of the sealer, and the setting time is identified from the start of mix to the point when the  
 
indenter needle failed to make an indentation [38, 39]. It was stated by both ISO 6876  
 
and ADA NO. 57 that for an acceptable sealer, the setting time of less than 30 minutes 
 
shall be no greater than 110% of that stated by the manufacturer, and for sealers having a  
 
setting time range, the setting time measured shall be within the range stated by the  
 
manufacturer [38, 39]. 
 
Film Thickness: 
 
     Film thickness property of an endodontic sealer plays an important role in their selling  
 
ability. Under clinical conditions film thickness is a function of the particle size of the  
 
powder and the viscosity characteristics of the cement [52]. A thin film thickness sealer  
 
should be expected to wet the surface better than a thick film thickness sealer and thus  
 
provide a better seal [55]. Both ISO 6876 [39] and ANSI/ADA Specifications No. 57  
 
[38] stated that sealers should have a film thickness of not more than 50 µm when  
 
compressed between two glass disk using force of 150 ± 2 N. 
 
Solubility Test: 
 
     Solubility property is of primary importance for a root canal sealer, since successful  
 
results of endodontic therapy depends mostly on integrity of the sealer component.  
 
Degradation of the sealer may cause gaps and voids along the sealer/dentin or the  
 
sealer/gutta percha interface, these spaces can provide a pathway for microorganism and  
 
their toxic products into periapical tissues, damaging the endodontic seal. Therefore  
 
insolubility of root canal sealers may have a great impact on the success rate of root canal  
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treatment [56, 57, 58]. Ideally, endodontic sealing materials should exhibit both low  
 
water uptake and solubility [59].  
 
    Low solubility of a root canal sealer has been introduced as a requirement in the  
 
International Standard 6876 [39] for root canal sealing materials. According to this  
 
standard and the ANSI/ADA Specifications No. 57 [38], the solubility of a sealer shall  
 
not exceed 3% mass fraction after immersion in distilled water for 24 hours.  
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Statement Of Problems And Objectives: 
 
     The availability of so many sealers makes it impossible for clinicians to decide  
 
what to avail and when. Every manufacturer claims its product to be the ideal one.  
 
However, based on the literature review, none of the available sealers have proven to be  
 
the optimal choose, even zinc oxide eugenol based sealers. Although, some have  
 
preferable characteristics.   
 
     MTA Fillapex (Angelus, Londrina, PR, Brazil), a sealer based on calcium silicate, was  
 
introduced recently. Its composition after mixing is basically MTA, salicylate  
 
resin,natural resin, bismuth oxide, and silica. The manufacturer claims that it has  
 
excellent radiopacity, easy handling, a great working time, and low solubility, providing  
 
sealing through expansion during setting. However, up to now, there are limited  
 
independent publications about the physicochemical and biological properties of MTA  
 
Fillapex and its possible use in clinical practice 
 
     The purpose of this study was to evaluate the flow, working time, setting time, film  
 
thickness and solubility of a novel root canal sealers (MTA Fillapex) in comparison with  
 
a zinc oxide-eugenol–based sealer (Tubli-Seal), epoxy resin-based sealers (AH 26), a  
 
calcium hydroxide-based sealer (Apexit Plus), and a silicone-based sealer (ReokkoSeal  
 
Automix),  
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Materials and Methods: 
 
Materials: 
 
Table 2: Shows the 5 different root canal sealers tested in this study and the group numbers. 
 
Sealer Group# Type Composition Form Manufacturer 
 
 
 
 
Tubli-Seal 
Xpress 
  
 
 
 
 
1 
 
 
 
 
Zinc 
oxide 
eugenol 
Base: 
        Zinc oxide (40%). 
        Oloe resin (25%). 
        Bismuth trioxide. 
        Barium sulfate (2.75%). 
        Thymol iodide (7.5%). 
        Oil and wax. 
Catalyst: 
        Eugenol. 
        Polymerized resin. 
       
 
 
 
 
Dual syringe 
delivery system 
(mixed paste) 
 
 
 
 
Kerr 
Division of 
SybronEndo Corp. 
Romulus, MI USA  
 
 
 
AH 26 
 
 
 
 
2 
 
 
 
Epoxy 
Resin 
Powder: 
        Bismuth oxide (80%). 
        Methenamine (20%). 
Resin: 
        Bisphenol-A                                                        
        Diglycidylether 100%      
        (Epoxy resin) 
 
 
 
 
 
Powder/Resin 
 
 
 
Dentsply De Trey 
GmbH, Konstanz, 
Germany. 
 
 
 
Apexit 
Plus 
 
 
 
 
3 
 
 
 
Calcium 
hydroxid
e 
- Ca(OH)2 (15.9%).  
- Hydrogenated colophony      
   (15.8%). 
- Silicon dioxide (0.4%). 
- Disalicylates (18.2%). 
- Bismuth salts (18.2%). 
- Alkyl ester of phosphoric    
  acid. 
 
 
Dual syringe 
delivery system 
(mixed paste) 
 
 
 
Ivoclar Vivadent 
Schaan, 
Liechtenstein. 
 
 
RoekoSeal 
Automix 
 
 
     4 
 
 
Silicon 
- Polydimethylsiloxane. 
- Silicone oil. 
- Paraffin-base oil. 
- Platinum catalyst. 
- Zirconium dioxide. 
 
 
Dual syringe 
delivery system 
(mixed paste) 
 
 
 
ROEKO GmbH+Co, 
Langenau, Germany 
 
 
MTA 
Fillapex 
 
 
      5 
 
Mineral 
trioxide 
aggregat
e 
- Salicylate resin. 
- Diluting resin. 
- Natural resin. 
- Bismuth trioxide. 
- Nanoparticulated silica. 
- MTA. 
 
 
Dual syringe 
delivery system 
(mixed paste) 
 
 
Angelus, Brasil. 
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Figure 1: Tubli-Seal Xpress (Zinc oxide eugenol based sealer). 
 
 
 
 
 
Figure 2: AH26 (Epoxy resin sealer). 
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Figure 3: Apexit Plus (Calcium hydroxide based root canal sealer). 
 
 
 
 
 
Figure 4: RoekoSeal Automix (Silicon based root canal sealer). 
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Figure 5: MTA Fillapex (Mineral trioxide aggregate). 
 
 
Methods: 
 
   All 5 sealers were tested for flow, working time, setting time, film thickness, and  
 
solubility. The tests were performed with respect to ISO 6876:2012 and ANSI/ADA  
 
Specification No 57. 
 
1- Flow Test: 
 
     To start, the mass of each sealer equivalent to 0.05 ± 0.005 ml was calculated. This  
 
was essential so the same amount was tested repeatedly for each sealer. The calculation  
 
was done by using the formula volume equals mass divided by density. The density of the  
 
sealers was measured by using a plastic mold with an internal volume of 0.1 ml and by  
 
weighing the amount of sealer that equals to 0.1 ml. The density and mass equivalent to  
 
0.05 ± 0.005 ml for the tested sealers are listed in Table 3.  
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Table 3: Density of the tested sealers and the mass equivalent to 0.05 ml. 
 
 
Sealer 
 
Density (g/ml) 
 
Mass = Density x 
Volume 
 
Mass equivalent to 
0.05 ml 
 
Tubli-Seal Xpress 
 
1.7 g/ml 
 
1.7 X 0.05 
 
0.085 g 
 
AH 26 
 
1.1 g/ml 
 
1.1 X 0.05 
 
0.055 g 
 
Apexit Plus 
 
1.5 g/ml 
 
1.5 X 0.05 
 
0.075 g 
 
RoekoSeal 
Automix 
 
1.4 g/ml 
 
1.4 X 0.05 
 
0.07 g 
 
MTA Fillapex 
 
1.6 g/ml 
 
1.6 X 0.05 
 
0.08 g 
 
 
     The sealers were prepared for distribution in accordance with the manufacturer’s  
 
instruction. At the beginning of mix a timer was started. A glass plate (51 mm x 51 mm x  
 
5 mm) weighing 25 g was placed on the scale and then zeroed-out, the appropriate mass  
 
of the material required for 0.05 ± 0.005 ml (Table 3) was weighed-out and distributed on  
 
to the center of the glass plate (Figure 6).  
 
     At 180 ± 5 sec. after commencement of mixing, a second glass plate with the same  
measurements and weighing 25 g was centrally placed on top of the sealer, followed by a  
weight of 100 g,  giving a total mass of 125 g (Figure 7). 
     After 600 ± 5 sec. from the beginning of the mix, the weight was removed and the  
maximum and minimum diameters (mm) of the compressed disc of sealer was measured  
(Figure 8). The mean of the two diameters were then recorded and considered the flow.   
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     Two conditions were necessary to validate the tests: The difference between the  
maximum and minimum diameters could not exceed 1.0 mm; and the compressed disc  
should have uniform shape. For each of the five tested sealers, six determinations were  
carried out and the mean value was calculated to the nearest millimeter. 
 
 
 
 
Figure 6: MTA Fillapex sealer weighed for flow test. 
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Figure 7: Flow test. 
 
 
 
 
 
Figure 8: Compressed sealer after flow test and the measurement sites are market with 
black lines. 
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2- Working Time: 
 
     The working time was performed following the same procedure used in the flow test,  
 
 with the difference of increasing intervals of time between the commencement of mixing  
 
and the time the top glass plate and load was applied. Measurements were performed at  
 
10 minute intervals, and freshly mixed material was used each time. For each product,  
 
when the specimen diameter was 10% less than the flow value, as determined by the flow  
 
test, the working time was determined (Figures 9 and 10). In other words, the working  
 
time was measured from the start of mix to when the compressed sealer showed 10% or  
 
more reduction in diameter. Three determinations for each experimental sealer was made,  
 
and the mean was recorded to the nearest 30 seconds as the working time.   
 
    
 
  
 
Figure 9: Compressed sealer after flow test.    Figure 10: Compressed sealer at working                                          
                                                                        time, note the reduction in the diameter            
                                                                       comparing to flow test in Figure 9. 
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3- Setting Time: 
 
     Setting time was determined using an indentation test. Six specimens from each  
 
material were tested. First, a metal block was placed in a container with worm water in a  
 
way the block doesn’t get wet, this is to assure the block is in a 100% humidity  
 
environment. The whole assembly was then placed in an incubator with temperature of  
 
37 ± 1 Cº for approximately 1 hour.  
 
     Stainless steel ring molds having an internal diameter of  10 mm and thickness of 2  
 
mm were cleaned first with acetone. Each mold was placed on a glass plate that was  
 
wrapped with a plastic sheet. The external borders of the mold were fixed to the glass  
 
plate with duck tap. Each sealer was mixed according to the manufacturer’s instruction. A  
 
timer was started at the beginning of the mix. The mold was then filled to the level  
 
surface with the mixed sealer. 
 
     After 180 ± 5 sec from the start of mix, the assembly was placed on the conditioned  
 
metal block then replaced in the water containing container in a way there is no direct  
 
contact between the assembly and water, and then returned to the same incubator. 
 
     When the setting time stated by the manufacturer was reached, the assembly was  
 
removed from the incubator and from the container. A Gilmore-type indenter having a  
 
mass of 100 g and a flat end of diameter 2 mm (Figure 11) was carefully lowered  
 
vertically on the horizontal surface of the sealer. If an indentation is visible, the sealer  
 
was then returned to the incubator for additional 5 minutes. The tip of the indenter was  
 
wiped clean between indentations. This operation was repeated at 5 min intervals until  
 
the indenter fails to make a complete indentation in the cement. The time from the start of  
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mixing to this point was recorded as setting time (min). 
 
 
 
 
Figure 11:  Gilmore-type indenter, 100 g weight that was used is on the right.  
 
 
 
4- Film Thickness: 
 
     The mass of each tested sealer equivalent to 0.1 ± 0.05 ml was first determined in  
 
order to test the same amount repeatedly. The mass was calculated by knowing the  
 
recommended volume ( 0.1 ml) and density for each sealer (as predetermined during the  
 
flow test, Table 3) and using the equation; Mass = Density X Volume. The mass  
 
equivalent to 0.1 ml for each tested sealer are listed in Table 4. 
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Table 4: Mass equivalent to 0.1 ml for all tested sealers. 
 
 
Sealer 
 
Density (g/ml) 
 
Mass = Density x 
Volume 
 
Mass equivalent to 
0.05 ml 
 
Tubli-Seal Xpress 
 
1.7 g/ml 
 
1.7 X 0.1 
 
0.17 g 
 
AH 26 
 
1.1 g/ml 
 
1.1 X 0.1 
 
0.11 g 
 
Apexit Plus 
 
1.5 g/ml 
 
1.5 X 0.1 
 
0.15 g 
 
RoekoSeal 
Automix 
 
1.4 g/ml 
 
1.4 X 0.1 
 
0.14 g 
 
MTA Fillapex 
 
1.6 g/ml 
 
1.6 X 0.1 
 
0.16 g 
 
       
     Five determinations were carried -out for each sealer. Two glass discs with diameter of  
 
16 mm and thickness of 6.5 ± 0.05mm (Figure 12) were polished with a 70 and 6 µm disk  
 
using a polishing machine to ensure a flat uniform and smooth surface, then the discs  
 
were properly washed and dried.  
 
 
Figure 12: Glass discs used to test for film thickness. 
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 The two glass discs were combined to contact and a mark was drawn across their rims, 
 
so that measurements will be taken at the same site every time. The combined thickness  
 
of the two glass discs in contact was measured by a micrometer (AccuRemote) to an  
 
accuracy of 1.2700 µm, this was recorded as reading A (Figure 13). 
 
 
 
Figure 13: Measuring the combined thickness of the two glass discs (A1). 
` 
    All sealers were prepared in accordance with the manufacturer’s instruction. The  
 
timer was started at the beginning of mixing. The appropriate mass of sealer equivalent to  
 
0.1 ± 0.05 ml was weighed (Table 4), and deposited onto the center of one of the glass  
 
discs (Figure 14).  
 
 
Figure 14: Sealer placed in the center of the glass disc 
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The second glass disc was then placed centrally on top of the sealer in the same  
 
orientation as in the original measurement (reading A), this is by aligning the marks that  
 
was previously drawn across the two glass discs. After 180 ± 5 seconds from the  
 
beginning of the mixing, the sealer / glass disc assembly was placed centrally below a  
 
loading device on its platen and carefully a force of 150 ± 2 N (15 kg) was applied on the  
 
top glass disc. It was important that the sealer fills the entire space between the two glass  
 
discs (Figure 15). 
 
 
 
 
Figure 15: Loaded sealer / glass assembly for film thickness testing. 
 
 
     After 600 ± 5 second have elapsed from the start of mix, the assembly was removed  
 
from the loading device and the combined thickness of the two glass discs and the  
 
specimen film was measured with a micrometer, this was recorded as reading B.  
 
     The film thickness was determined by the difference between reading A and reading  
 
B.   
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5- Solubility Test (Modified from ISO 6876:2012 ) 
 
   The solubility test was recorded as the mass of residue that remained in the petri  
 
dishes after the material was storaged in distilled water for 24 hours. 4 specimens from  
 
each five tested sealers were prepared (Total sample number is 20). 
 
     Stainless steel ring molds having an internal diameter 20.0 ± 0.1 mm and thickness of  
 
1.6 ± 0.1 mm were used for sample preparation (Figure 16). 
 
 
 
Figure 16: Stainless steel ring mold. 
 
     The molds were first cleaned by using acetone. Each mold was supported by a glass  
 
plate after covering the plate with a plastic wrap, It was important that the diameter of the  
 
glass plate was larger than the maximum dimensions of the split ring mold. The borders  
 
of the ring mold were fixed to the glass plate using duct tape (Figure 17). Four sets of  
 
specimens from each material were prepared in one operation, so each row of five rings  
 
was marked by the group number. 
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Figure 17: Stainless steel / glass plat assembly used for sample preparation. 
 
     All sealers were mixed according to manufacturer’s instruction. The mold was  
 
then filled to slight excess with the mixed materials. After filling the mold, another  
 
glass plate covered with plastic wrap was placed on top of the mold, exerting a light  
 
pressure in order to remove any excess material (Figure 18).    
 
 
Figure 18: Sample preparation for solubility test. 
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The samples were then left to set for 24 hours in a cabinet at 37˚C and 100% relative  
 
humidity. At the end of this period, all specimens were set and then were carefully  
 
removed from the mold (Figure 19). 
 
 
 
Figure 19: Samples prepared for solubility test. To distinguish samples from each group, 
the number of each group was written below the correspond sample. 
 
 
     The specimens were then placed in a desiccator to dry in room temperature.  
 
Dry samples were then weighed by an AB204-S electronic scale with reproducibility of  
 
0.0001g and this was recorded as Sample W1. The same scale was used throughout the  
 
whole test.  
 
     Each sample was individually placed in a clean petri glass dish that was pre-weighted  
 
and recorded as Dish W1 (Figure 20). The dish with the sample was filled with 50 ml of  
 
distilled water and then covered and transferred to an incubator at 37˚C and were storage  
 
for 24 hours. 
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     After the storage time elapsed, the dishes were removed from the cabinet and each  
 
specimen was then  held with tweezers over the petri dish and then rinsed with distilled  
 
water into the same dish. 
 
     Each dish along with the collected water were placed in an oven at 80 Cº for 48 hours  
 
to evaporate the water and to reach a constant mass, the dishes were then weighed and  
 
recorded as Dish W2. 
 
     The samples were placed on a pre-weighed filter paper and in an oven with a vacuum  
 
at 40º C for two days, then the dry samples were weighed and recorded as Sample W2 
 
 
 
Figure 20: Clean dry petri dish. 
 
 
 
     The solubility was recoded as the amount of residue in the petri dish; the difference  
 
between the Dish W2 and Dish W1 and the amount of leaching material from the  
 
speciemens; difference between Sample W2 and Sample W1 
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Statistical Analysis: 
 
     The results were expressed as means ± standard deviations. The difference  
in flow, working time, setting time, film thickness, and solubility were assessed using  
one-way analysis of variance (ANOVA). Tukey-Kramer HSD tests was also performed  
for multiple comparisons between the variance.   P-value ≤ 0.05 was regarded  
as statistically significant.  
     All statistical analyses were performed using JMP version 10.0. 
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Results 
Flow Test: 
     The mean values and standard deviations of flow test are listed in Table 5 and Figure 
21. 
Table 5: Means and Std of flow (mm).  
Group 
# 
Sealer Sample 
# 
Mean (mm) Std 
Dev 
Std Err 
Mean 
Lower 
95% 
Upper 
95% 
 
1 
 
Tubli-Seal 
Xpress 
 
6 
 
22.17±1.72 
 
1.72 
 
0.703 
 
20.36 
 
24.0 
 
2 
 
AH 26 
     
     6 
 
23.33±1.1 
 
1.1 
 
0.459 
 
22.15 
 
24.5 
 
3 
 
Apexit Plus 
 
6 
 
26.25±1.04 
 
1.037 
 
0.423 
 
25.16 
 
27.3 
 
4 
 
ReokoSeal 
Automix 
 
6 
 
21.75±0.27 
 
0.2739 
 
0.112 
 
21.46 
 
22.0 
 
5 
 
MTA 
Fillapex 
 
6 
 
27±1.5 
 
1.049 
 
0.43 
 
25.9 
 
28.1 
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Figure 21: Mean values for flow test. 
 
     The data was analyzed using one-way ANOVA to determine if there were significant  
differences between the tested groups. Analysis of variance indicated that there was a  
significant difference between some of the tested groups (Table 5). 
   One-way ANOVA and Tukey-Kramer HSD comparisons at a 0.05 level of significance  
show that there is no significant difference in the flow characteristics between Tubli-Seal  
Xpress (Group 1), AH 26 (Group 2), and ReokoSeal Automix (Group 4). However, there  
is a statistic significant difference between the mentioned groups and Apexit Plus (Group  
3) and MTA Fillapex (Group 5). Apexit plus (Group 3) and MTA (Group 5) exhibited  
statistical similar flow characteristics (Table 6). 
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Table 6: Tukey-Kramer HSD test shows the statistical differences among the different 
groups (Groups with the same letters are statistically similar). 
Group Mean values for flow 
(mm) 
Significant Difference 
 
Tubli-Seal Xpress (Group1) 
 
22.17 
 
B 
 
AH 26 (Group 2) 
 
23.3 
 
B 
 
Apexit Plus (Group 3) 
 
26.25 
 
A 
 
RoekoSeal (Group 4) 
 
21.75 
 
B 
 
MTA Fillapex (Group 5) 
 
27 
 
A 
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Working Time: 
     The mean values and standard deviations for working time are listed in Table 7 and  
Figure 22. 
Table 7: Means and Std Deviation of working time (Min).  
Group 
# 
Sealer Sample 
# 
Mean 
(min) 
Std Dev Std 
Err 
Mean 
Lower 
95% 
Upper 
95% 
 
1 
 
Tubli-Seal 
Xpress 
 
3 
 
83.33± 5.8 
 
5.8 
 
3.33 
 
68.99 
 
97.68 
 
2 
 
AH 26 
     
     3 
 
233.33±5.8 
 
5.8 
 
3.33 
 
218.99 
 
247.68 
 
3 
 
Apexit Plus 
 
3 
 
163.33±5.8 
 
5.8 
 
3.33 
 
148.99 
 
177.68 
 
4 
 
ReokoSeal 
Automix 
 
3 
 
30 
 
0.00 
 
0.0000 
 
30.00 
 
30.00 
 
5 
 
MTA 
Fillapex 
 
3 
 
33.33±5.8 
 
5.8 
 
3.33 
 
18.99 
 
47.68 
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Figure 22: Mean values for working time test. 
 
  An analysis of variance of working time showed a significant difference among tested  
materials. One-way ANOVA and Tukey-Kramer HSD comparisons at a 0.05 level of  
significance show there is no significant difference between ReokoSeal Automix   
(group 4) and MTA Fillapex (group 5). However, these groups showed statistical   
significant difference with Tubli-Seal Xpress (Group 1), AH 26 (Group 2), and Apexit  
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Plus (Group 3), also, there is significant difference between Tubli-Seal Xpress (Group 1),  
AH 26 (Group 2), and Apexit Plus (Group 3). AH 26 showed the longest working time  
followed by Apexil plus and Tulbli-seal. 
 
Table 8: Tukey-Kramer HSD test shows the statistical differences among the different 
groups (Groups with the same letters are statistically similar). 
Group Mean values for working 
time (min) 
Significant Difference 
 
Tubli-Seal Xpress (Group1) 
 
83.333 
 
A 
 
AH 26 (Group 2) 
 
233.333 
 
B 
 
Apexit Plus (Group 3) 
 
163.333 
 
C 
 
RoekoSeal (Group 4) 
 
30.00 
 
D 
 
MTA Fillapex (Group 5) 
 
33.333 
 
D 
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Setting time:  
   Table 9 and figure 23 presents the setting times for all sealers.  
Table 9: Mean and Std Dev of the setting time for all the tested materials except for AH 
26 (group 2) that didn’t set. 
Group 
# 
Sealer Sample 
# 
Mean 
(min) 
Std Dev Std Err 
Mean 
Lower 
95% 
Upper 
95% 
 
1 
 
Tubli-Seal 
Xpress 
 
6 
 
63.33±2.6 
 
2.6  
 
1.0541  
 
60.62  
 
66.04  
 
2 
 
AH 26 
     
     6 
 
 -   
 
- 
 
- 
 
- 
 
- 
 
3 
 
Apexit Plus 
 
6 
 
 120 
 
 0.00000  
 
0.0000  
 
120.00  
 
  
120.00  
 
4 
 
ReokoSeal 
Automix 
 
6 
 
 46.67±2.6 
 
 2.6 
 
1.0541  
 
 43.96  
 
49.38  
 
5 
 
MTA 
Fillapex 
 
6 
 
121.67±4.08 
 
 4.08 
 
1.6667 
 
117.38 
 
 125.95 
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Figure 23: Mean values for setting time test. 
 
     Statistical analysis demonstrated that all sealers displayed mean values statistically  
 
different, except for Apexit plus and fillapex MTA (Table 10). RoekoSeal presented the  
 
shortest setting time, while Apexit and Fillapex MTA had the longest setting time. AH26  
 
did not set after 5 h and, for this reason, it was not subjected to this test. 
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Table 10: Tukey-Kramer HSD test shows the statistical differences among the different 
groups (Groups with the same letters are statistically similar). 
Group Mean values for setting 
time (min) 
Significant Difference 
 
Tubli-Seal Xpress (Group1) 
 
63.3 
 
B 
 
AH 26 (Group 2) 
 
 
 
 
 
Apexit Plus (Group 3) 
 
 120 
 
A 
 
RoekoSeal (Group 4) 
 
46.67 
 
C 
 
MTA Fillapex (Group 5) 
 
121.67 
 
A 
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Film thickness: 
 
     Table 11 and figure 24 shows the mean values of film thickness for all tested sealers in 
µm. 
 
Table 11: Mean and Std Dev for film thickness for all the tested materials 
 
Group 
# 
Sealer Sample 
# 
Mean 
(µm) 
Std 
Dev 
Std 
Err 
Mean 
Lower 
95% 
Upper 
95% 
 
1 
 
Tubli-Seal 
Xpress 
 
5 
 
26±5.52 
 
5.52  
 
2.4698  
 
19.143  
 
32.857   
 
2 
 
AH 26 
     
     5 
 
   9.6±1.14 
 
1.14 
 
0.5099 
 
8.184  
 
 11.016  
 
3 
 
Apexit Plus 
 
5 
 
 10±0.7  
 
0.7 
 
 0.3162 
 
9.122  
 
10.878  
 
4 
 
ReokoSeal 
Automix 
 
5 
 
 10 
 
0.00000  
 
0.0000  
 
 10.000  
 
 10.000  
 
5 
 
MTA 
Fillapex 
 
5 
 
12.2±4.44 
 
4.44 
 
1.9849 
 
6.689 
 
17.711  
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Figure 24: Mean values for film thickness test. 
 
 
    The original data were submitted to One-way ANOVA and Tukey-Kramer HSD 
 
comparisons at a 0.05 level of significance (Table 12), indicating that there was no  
 
significant statistical difference between the studied sealers, except for Tulbi-Seal that  
 
demonstrated a greater film thickness. The films ranged in thickness from an average 26  
 
µm for Tubli-Seal to 9.6 µm for AH 26.  
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Table 12: Tukey-Kramer HSD test shows the statistical differences among the different 
groups (Groups with the same letters are statistically similar). 
Group Mean values for working 
time (min) 
Significant Difference 
 
Tubli-Seal Xpress (Group1) 
 
26 
 
A 
 
AH 26 (Group 2) 
 
9.6 
 
B 
 
Apexit Plus (Group 3) 
 
 10 
 
B 
 
RoekoSeal (Group 4) 
 
10 
 
B 
 
MTA Fillapex (Group 5) 
 
12.3 
 
B 
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Solubility test: 
 
  Table 13 and figure 25 shows the mean values of solubility after 24hr of storage for all 
tested sealers. 
 
  
Table 13: Mean and Std Dev for solubility test for all the tested materials. 
 
Group 
# 
Sealer Sample 
# 
Mean  Std 
Dev 
Std 
Err 
Mean 
Lower 
95% 
Upper 
95% 
 
1 
 
Tubli-Seal 
Xpress 
 
4 
 
0.018±0.0025 
 
0.0025 
 
0.00126 
 
0.0141 
 
0.02205 
 
2 
 
AH 26 
     
     4 
 
0.0087±0.0015 
 
0.0015 
 
0.00076  
 
0.0063  
 
0.01110  
 
3 
 
Apexit 
Plus 
 
4 
 
0.014±0.0024 
 
0.0024 
 
 0.00120  
 
 
 0.0098  
 
0.01742  
 
4 
 
ReokoSeal 
Automix 
 
4 
 
0.0009±0.0007 
 
0.0007 
 
0.00034  
 
 -0.0002  
 
0.00196  
 
5 
 
MTA 
Fillapex 
 
4 
 
0.001±0.00014 
 
0.00014 
 
 0.00007   
 
 0.00077  
 
0.00123  
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Figure 25: Mean values for solubility test based on the amount of residue that remained 
in the petri dish. 
 
 
     The original data were submitted to One-way ANOVA and Tukey-Kramer HSD  
 
comparisons at a 0.05 level of significance (Table 14), indicating that there was   
 
statistical significant difference between the studied sealers, except for RoekoSeal (Group    
 
4) and MTA Fillapex (Group 5) that were statistically similar and both had the lowest  
 
solubility value. The greatest solubility value was showed by Tubli-Seal Xpress  
 
(Group1), followed by Apexit plus (Group 3), then AH26 (Group 2). 
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Table 14: Tukey-Kramer HSD test shows the statistical differences among the different 
groups (Groups with the same letters are statistically similar). 
Group Mean values for solubility 
 
Significant Difference 
 
Tubli-Seal Xpress (Group1) 
 
0.018050 
 
A 
 
AH 26 (Group 2) 
 
0.008675 
 
B 
 
Apexit Plus (Group 3) 
 
0.013600 
 
C 
 
RoekoSeal (Group 4) 
 
0.000875 
 
D 
 
MTA Fillapex (Group 5) 
 
0.001 
 
D 
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Figure 26: Mean values for solubility test based on the amount of residue 
that remained in the petri dish. 
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Figure 27: Relation between the mass of residue that remained in the petri dish with the amount of weight 
loss from the samples after storage in distilled water for 24 hrs. 
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Discussion: 
 
    Because of the good properties of calcium silicate MTA cements. MTA-based  
 
endodontic sealers for root canal obturation have been successively developed and  
 
commercialized by manufacturers. It has become important for the clinician to  
 
understand the physicochemical properties of endodontic sealers. The properties of  
 
endodontic sealers, which are mainly determined by the type and proportions of the main  
 
components, can enable them to function adequately under clinical conditions.  
 
Laboratory studies on the physicochemical properties could contribute to a better  
 
understanding of the clinical behavior and handling performance of endodontic sealers  
 
[1]. 
 
     In regard to flow, all tested endodontic sealers demonstrated acceptable values  
 
according to ISO 6786/2001 recommendations [39], in which the minimal flow required  
 
for cements is 20 mm. The flowability of an endodontic sealer is a very important  
 
property in relation to its ability to penetrate into the irregularities and accessory canals of  
 
the root canal system. Conversely, if the flow is excessive, the risk of material  
 
extravasation to the periapex is increased, which could damage periodontal tissues [1, 61]  
 
The ability to penetrate into the root canal system depends on the particle size,  
 
temperature, setting time, rate of shear, rate of insertion, and internal diameter of the  
 
canals. In this study, there was no significant difference between Tubli-Seal Xpress, AH  
 
26, and RoekoSeal, however, they showed significant difference with Apexit Plus and  
 
MTA Fillapex which both had greater flow values. These finding were consistent with  
 
Silva et al, were they found MTA Fillapex showed significantly superior flow values  
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compared with AH Plus. Zhou et al. also reported that MTA Fillapex sealer  
 
had a higher flow when compared with BC sealer, AH Plus, ThermaSeal, PCS, and  
 
GuttaFlow sealers (P < .05) [1].  
 
     The different composition of the tested sealers and their viscosity seems to be the  
 
main factors related to their flow differences. The flow ability is also influenced by the  
 
size of the sealer particles, the smaller the particles, the greater the flow ability of the  
 
sealer. Because of this property, MTA Fillapex will probably penetrate easier into the  
 
irregularities of root canal walls. 
 
    The working time is the period of time measured between the start of mixing until it is  
 
no longer possible to handle the sealer without promoting adverse effects on its  
 
properties. This time is directly linked with the setting time. Both times are dependent on  
 
the constituent components, their particle size, the ambient temperature, and  
 
relative humidity [39, 61]. In this study, the longest working time was AH 26 (group 2)  
 
which was around 4 hrs, followed by Apexit plus (group 3), then Tulbli-seal (group 1),  
 
ReokoSeal Automix (group 4) and finally MTA Fillapex (group 5). MTA Fillapex has a  
 
shorter but clinically acceptable working time (around 34 min). 
 
    The setting time assessment is based on the visual inspection only, thus it can be  
subjective, in addition, the circumstances and environment in which sealers are bench- 
top tested likely differ from when they are used in a canal in a patient. The setting     
reactions are complex, and even though the sealer surface becomes hard, the inner mass  
may remain soft for an extended period of time [61, 62]. Setting time of an endodontic  
sealer should be extended, thus allowing adequate time for filling of the root canal [63].  
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In the present study, setting time varied from 47 min to ˃ 5hr. Statistical analysis  
demonstrated that the tested sealers displayed mean values statistically different among  
themselves (p<0.05. ) The differences in the setting times could be related to the  
resin/filler ratios because a higher resin/filler ratio leads to longer working and setting  
times [61]. The most interesting finding was the relatively slow set of the  
sealers. This was particularly true for AH 26 sealer, which did not set after ˃ 5 h and, for  
this reason, it was excluded from this experiment. Whether these slow setting times  
have a negative (or positive) impact clinically is unknown at this point. However, it  
would seem reasonable that rapid set after placement and obturation would be desirable.  
Probably, the unset, or partially set sealer would be unstable and prone to deterioration if  
exposed to oral or tissue fluids [64]. MTA Fillapex sealer presented adequate setting  
times for clinical use (121 min). This finding is in consistent with Vitti et al. who  
compared MTA Fillapex to AH plus [61]. 
     A thin film thickness sealer would be expected to wet the surface better than a thick  
film thickness sealer and thus provide a better seal [64]. The results of the film thickness  
test for all tested sealers were in consistence with ISO 6876:2012 recommendation, that  
specifies; for a clinical acceptable sealer, sealers must have a film thickness of no more  
than 50 µm in order to provide a better seal [39].  
     As a physical property of a material, the insolubility can greatly impact on endodontic  
treatment success rate. Moreover, endodontic sealers must have low solubility because  
the leaching of their components can generate undesirable biological effects on the  
surrounding tissues [66] and induce the formation of gaps between root canals and filling  
materials, resulting in an increase in bacterial leakage over time [61]. 
     In the current study, the solubility test was modified from ISO 6876:2012. The  
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solubility was measured base on the amount of residue that remained in the petri dish  
(amount of material extracted from a specimen) after storing the samples for 24 hr. Since  
the amount of material extracted in a fixed time period is dependent on the surface area of  
the specimen, as well as some geometric considerations, the results of this test is probably  
 reproducible measurements.  There was statistical significant difference in the solubility   
between the tested groups except for RoekoSeal (Group 4) and MTA Fillapex (Group 5)  
were both solubilized the least. Sealer with the greatest solubility rate was demonstrated  
by Tubli-Seal Xpress (Group1), followed by Apexit Plus (Group 3), then AH 26. Such  
difference could be due to some materials  have very small amounts of leachable  
component that leads to very small weight loss. 
     Borges et al., Villi et al., both studied the solubility of MTA Fillapex and compared it  
with other commercial available sealers. And concluded that MTA Fillapex sealer has a  
low solubility rate [61, 67]. The composition of MTA is based on hydrophilic particles  
that set in the presence of humidity. The hydration of the material results in a colloidal  
gel that solidifies becoming a hard structure. Leading MTA with acceptable physical seal,  
and being insoluble even in the presence of fluid [66 ,67]. 
   Under the conditions of this study, the epoxy resin-based sealers (AH 26) showed  
better results compared with the calcium hydroxide (ApexitPlu) and ZOE (Tulbi-Seal  
Xpree) Sealers, this finding supported the findings of other studies. After 24 hours of  
incubation [62, 68, 67]. 
     It should be taken into consideration that the differences in surface-to-volume values  
of the specimens as well as other experimental configurations such as the setting times  
might contribute to the differences in the results. The present experiment was limited by  
some factors. We measured the elution of water-soluble materials, but not the actual  
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solubility which is defined as the thermodynamic equilibrium of a pure chemical  
compound with the solution,[9,21] although this method was modified from the   
standards. Moreover filler disintegration during immersion and evaporation of volatile  
sealer components during drying procedures might also cause some weight loss.[6,9,21]  
Furthermore, water sorption might affect the weight loss as well. 
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Conclusion: 
Within the limitations of this study, the following conclusions were drawn: 
 
1- The mean flow for MTA Fillapex sealer is significantly higher than all other tested  
     groups, except for apexit plus sealer, where there is no statistical significant  
     difference between them. 
2- The mean flow test for Tulbi-Seal xpress, AH 26, and ReokoSeal sealers are  
     statistically similar. 
3- The mean working time for MTA Fillapex sealer is statistically shorter then Tulbi- 
     Seal, AH 26, and Apexit plus sealers. However, it is statistically similar to ReokoSeal  
     Sealer.  
4- The mean working time for Tulbi-Seal, AH 26, and Apexit Plus sealers are statistically  
     significantly different, with AH 26 the longest followed by Apexit Plus and Tulbi- 
     Seal. 
5- The mean setting time for MTA Fillapex sealer is statistically longer than all other  
      tested groups, except for apexit plus sealer, were there is no statistical significant  
      difference between them. 
6- The setting time for ReokoSeal sealer is statistically shorter then all tested groups,   
     followed by Tulbi-Seal sealer with the second shortest setting time.  AH 26 sealer was  
     excluded from the setting time test because it didn’t set. 
7- There is no statistical significant difference in the mean of film thickness between all  
     tested sealers, except for Tulbi-Seal Xpree that demonstrated the greatest film  
     thickness. 
8- The solubility of MTA Fillapex sealer is significantly lower than all tested groups,  
     except  for ReokoSeal sealer as they are statistically similar. 
9- AH 26 showed greater stability in solution then Tubli-Seal Xpress and Apexit plus,           
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where both had higher solubility values. 
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APPENDIX 
 
Table 15: Flow Test Results For Tubli-Seal Xpress Sealer (Group 1): 
 
 
Sample # 
 
Minimum 
Diameter (mm) 
 
Maximum 
Diameter (mm) 
 
Mean (mm) 
Flow Result 
1 20 mm 21 mm 20.5 mm 
2 24 mm 25 mm 24.5 mm 
3 22 mm 23 mm 22.5 mm 
4 22 mm 22 mm 22 mm 
5 20 mm 20 mm 20 mm 
6 23 mm 24 mm 23.5 mm 
 
 
Table 16: Flow Test Results For Tubli-Seal Xpress Sealer (Group 1): ` 
 
Sample # 
 
Flow Results 
(mm) 
 
Mean of Flow 
Results 
 
SD 
 
C.O.V. 
1 20.5 mm  
 
22.16667 
 
 
1.722401 
 
 
0.077702 
2 24.5 mm 
3 22.5 mm 
4 22 mm 
5 20 mm 
6 23.5 mm 
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Table 17: Flow Test Results For AH 26 Sealer (Group 2): 
 
Sample # 
 
Minimum 
Diameter (mm) 
 
Maximum 
Diameter (mm) 
 
Mean (mm) 
Flow Result 
1 23 mm 23 mm 23 mm 
2 23 mm 22 mm 22.5 mm 
3 25 mm 26 mm 25.5 mm 
4 23 mm 24 mm 23.5 mm 
5 23 mm 23 mm 23 mm 
6 22.5 mm 22.5 mm 22.5 mm 
 
 
Table 18: Flow Test Results For AH 26 Sealer (Group 2): 
 
Sample # 
 
Flow Results 
(mm) 
 
Mean of Flow 
Results 
 
SD 
 
C.O.V. 
1 23 mm  
 
 
23.33333 
 
 
 
1.125463 
 
 
 
0.048234 
2 22.5 mm 
3 25.5 mm 
4 23.5 mm 
5 23 mm 
6 22.5 mm 
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Table 19: Flow Test Results For Apexit Plus Sealer (Group 3): 
 
Sample # 
 
Minimum 
Diameter (mm) 
 
Maximum 
Diameter (mm) 
 
Mean (mm) 
Flow Result 
1 27 mm 28 mm 27.5 mm 
2 26 mm 26 mm 26 mm 
3 27 mm 28 mm 27.5 mm 
4 26 mm 26 mm 26 mm 
5 25 mm 26 mm 25.5 mm 
6 25 mm 25 mm 25 mm 
 
 
Table 20: Flow Test Results For Apexit Plus Sealer (Group 3): 
 
Sample # 
 
Flow Results 
(mm) 
 
Mean of Flow 
Results 
 
SD 
 
C.O.V. 
1 27.5 mm  
 
 
26.25 
 
 
 
1.036822 
 
 
 
0.039498 
2 26 mm 
3 27.5 mm 
4 26 mm 
5 25.5 mm 
6 25 mm 
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Table 21: Flow Test Results For RoekoSeal Sealer (Group 4): 
 
Sample # 
 
Minimum 
Diameter (mm) 
 
Maximum 
Diameter (mm) 
 
Mean (mm) 
Flow Result 
1 21 mm 22 mm 21.5 mm 
2 21 mm 22 mm 21.5 mm 
3 22 mm 22 mm 22 mm 
4 21 mm 22 mm 21.5 mm 
5 22 mm 22 mm 22 mm 
6 22 mm 22 mm 22 mm 
 
 
Table 22: Flow Test Results For RoekoSeal Sealer (Group 4): 
 
Sample # 
 
Flow Results 
(mm) 
 
Mean of Flow 
Results 
 
SD 
 
C.O.V. 
1 21.5 mm  
 
 
21.75 
 
 
 
0.273861 
 
 
 
0.012591 
2 21.5 mm 
3 22 mm 
4 21.5 mm 
5 22 mm 
6 22 mm 
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Table 23: Flow Test Results For Fillapex MTA Sealer (Group 5): 
 
Sample # 
 
Minimum 
Diameter (mm) 
 
Maximum 
Diameter (mm) 
 
Mean (mm) 
Flow Result 
1 28 mm 29 mm 28.5 mm 
2 26 mm 27 mm 26.5 mm 
3 28 mm 28 mm 28 mm 
4 26 mm 26 mm 26 mm 
5 26 mm 26 mm 26 mm 
6 27 mm 27 mm 27 mm 
 
 
Table 24: Flow Test Results For Fillapex MTA Sealer (Group 5): 
 
Sample # 
 
Flow Results 
(mm) 
 
Mean of Flow 
Results 
 
SD 
 
C.O.V. 
1 28.5 mm  
 
 
27 
 
 
 
1.048809 
 
 
 
0.038845 
2 26.5 mm 
3 28 mm 
4 26 mm 
5 26 mm 
6 27 mm 
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Table 25: Working Time Results For Tubli-Seal Xpress Sealer (Group 1): 
Sample 1 Sample 2 Sample 3 
Time in 
Min 
Diameter 
in mm 
Time in 
Min 
Diameter in 
mm 
Time in 
Min 
Diameter in 
mm 
10 min 22 mm 10 min 22 mm 10 min 23 mm 
20 min 23.5 mm 20 min 25 mm 20 min 25 mm 
30 min 23 mm 30 min 24 mm 30 min 24 mm 
40 min 22.5 mm 40 min 22 mm 40 min 24 mm 
50 min 23 mm 50 min 23 mm 50 min 22 mm 
60 min 24 mm 60 min 23.5 mm 60 min 23 mm 
70 min 22 mm 70 min 22 mm 70 min 23 mm 
80 min 22 mm 80 min 20 mm 80 min 19.5 mm 
90 min 20 mm 90 min 20 mm 90 min 19 mm 
Yellow indicates the working time for Tubli-Sealer Xpress sealer (Between 80-90 min). 
 
 
 
 
 
Table 26: Working Time Results For Tubli-Seal Xpress Sealer (Group 1): 
Sample # Working 
Time (min) 
Mean SD C.O.V. 
1 90 min  
84 
 
5.773503 
 
0.067282 2 80 min 
3 80 min 
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Table 27: Working Time Results For AH 26 Sealer (Group 2): 
Sample 1 Sample 2 Sample 3 
Time in 
Min 
Diameter 
in mm 
Time in 
Min 
Diameter in 
mm 
Time in 
Min 
Diameter in 
mm 
10 min 23 mm 10 min 23 mm 10 min 23 mm 
20 min 23.5 mm 20 min 23 mm 20 min 25 mm 
30 min 22.5 mm 30 min 23 mm 30 min 23.5 mm 
40 min 24 mm 40 min 22 mm 40 min 24 mm 
50 min 24 mm 50 min 23.5 mm 50 min 23.5 mm 
60 min 23 mm 60 min 24 mm 60 min 23.5 mm 
70 min 23 mm 70 min 23 mm 70 min 24 mm 
80 min 23.5 mm 80 min 23 mm 80 min 24 mm 
90 min 23 mm 90 min 24 mm 90 min 23.5 mm 
100 min 23.5 mm 100 min 23.5 mm 100 min 23 mm 
110 min 23 mm 110 min 23 mm 110 min 23 mm 
120 min 23 mm 120 min 23.5 mm 120 min 22.5 mm 
130 min 22.5 mm 130 min 24 mm 130 min 22.5 mm 
140 min 23 mm 140 min 23.5 mm 140 min 23 mm 
150 min 25 mm 150 min 23 mm 150 min 23.5 mm 
160 min 24 mm 160 min 24 mm 160 min 23.5 mm 
170 min 22.5 mm 170 min 24.5 mm 170 min 25 mm 
180 min 24 mm 180 min 23 mm 180 min 24.5 mm 
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Working Time Results For AH 26 Sealer (Group 2) Cont: 
Sample 1 Sample 2 Sample 3 
Time in 
Min 
Diameter 
in mm 
Time in 
Min 
Diameter in 
mm 
Time in 
Min 
Diameter in 
mm 
190 min 23 mm 190 min 22.5 mm 190 min 25 mm 
200 min 23.5 mm 200 min 24.5 mm 200 min 23.5 mm 
210 min 23 mm 210 min 23 mm 210 min 23 mm 
220 min 23mm 220 min 23 mm 220 min 22 mm 
230 min 20.5 mm 230 min 22.5 mm 230 min 20.5 mm 
240 min 21 mm 240 min 21 mm 240 min 20 mm 
Yellow indicates the working time for AH 26 sealer (Between is 230-240 min). 
 
 
 
 
 
 
 
 
 
 
 
Table 28: Working Time Results For AH 26 Sealer (Group 2): 
Sample # Working 
Time (min) 
Mean SD C.O.V. 
1 230 min  
234 
 
5.773503 
 
0.024744 2 240 min 
3 230 min 
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Table 29: Working Time Results For Apexit Plus Sealer (Group 3): 
Sample 1 Sample 2 Sample 3 
Time in 
Min 
Diameter 
in mm 
Time in 
Min 
Diameter in 
mm 
Time in 
Min 
Diameter in 
mm 
10 min 26 mm 10 min 26 mm 10 min 26 mm 
20 min 26.5 mm 20 min 24.5 mm 20 min 24.5 mm 
30 min 24.5 mm 30 min 24.5 mm 30 min 24.5 mm 
40 min 24.5 mm 40 min 25 mm 40 min 27 mm 
50 min 25 mm 50 min 28 mm 50 min 27.5 mm 
60 min 28 mm 60 min 28 mm 60 min 27 mm 
70 min 28 mm 70 min 26 mm 70 min 27 mm 
80 min 24.5 mm 80 min 25 mm 80 min 27 mm 
90 min 28 mm 90 min 26 mm 90 min 26 mm 
100 min 26 mm 100 min 26 mm 100 min 26 mm 
110 min 26 mm 110 min 26 mm 110 min 27 mm 
120 min 26 mm 120 min 25.5 mm 120 min 26 mm 
130 min 25 mm 130 min 25 mm 130 min 26 mm 
140 min 24.5 mm 140 min 25 mm 140 min 25 mm 
150 min 24 mm 150 min 24 mm 150 min 24.5 mm 
160 min 24 mm 160 min 23 mm 160 min 23 mm 
170 min 22 mm 170 min 22.5 mm 170 min 22 mm 
180 min 22 mm 180 min 21.5 mm 180 min 22 mm 
Yellow indicates the working time for Apexit Plus sealer (Between 160-170 min). 
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Table 30: Working Time Results For Apexit Plus Sealer (Group 3): 
Sample # Working 
Time (min) 
Mean SD C.O.V. 
1 170 min  
164 
 
5.773503 
 
0.035348 2 160 min 
3 160 min 
 
 
 
 
 
 
 
 
Table 31: Working Time Results For RoekoSeal Sealer (Group 4): 
Sample 1 Sample 2 Sample 3 
Time in 
Min 
Diameter 
in mm 
Time in 
Min 
Diameter in 
mm 
Time in 
Min 
Diameter in 
mm 
10 min 21.5 mm 10 min 21.5 mm 10 min 21.5 mm 
20 min 22 mm 20 min 21.5 mm 20 min 21 mm 
30 min 19 mm 30 min 17 mm 30 min 17 mm 
40 min 17.5 mm 40 min 17.5 mm 40 min 17 mm 
Yellow indicates the working time for RoekoSeal sealer (30 min). 
 
 
 
 
77 
 
Table 32: Working Time Results For RoekoSeal Sealer (Group 4): 
Sample # Working 
Time (min) 
Mean SD C.O.V. 
1 30 min  
30 
 
0 
 
0 2 30 min 
3 30 min 
 
 
 
 
 
 
 
 
Table 33: Working Time Results For Fillapex MTA Sealer (Group 5): 
Sample 1 Sample 2 Sample 3 
Time in 
Min 
Diameter 
in mm 
Time in 
Min 
Diameter in 
mm 
Time in 
Min 
Diameter in 
mm 
10 min 27 mm 10 min 27 mm 10 min 27 mm 
20 min 25 mm 20 min 26.5 mm 20 min 25 mm 
30 min 23 mm 30 min 25 mm 30 min 24 mm 
40 min 22.5 mm 40 min 24 mm 40 min 24 mm 
Yellow indicates the working time for Fillapex MTA sealer (Between30-40 min). 
 
 
 
 
78 
 
Table 34: Working Time Results For Fillapex MTA Sealer (Group 5): 
Sample # Working 
Time (min) 
Mean SD C.O.V. 
1 30 min  
34 
 
5.773503 
 
0.173205 2 40 min 
3 30 min 
 
 
 
 
 
 
 
Table 35: Film Thickness Results For Tubli-Seal Xpress Sealer (Group 1): 
 
Sample # 
A1 (mm) 
Thickness of two glass 
disk without sealer  
A2 (mm) 
Thickness of two glass 
disk with sealer in 
between 
Film Thickness  
A2-A1 
mm µm 
1 13.231 mm 13.251 mm 0.02 mm 20 µm 
2 13.211 mm 13.241 mm 0.03 mm 30 µm 
3 13.173 mm 13.202 mm 0.029 mm 29 µm 
4 13.171 mm 13.202 mm 0.031 mm 31 µm 
5 13.221 mm 13.241 mm 0.02 mm 20 µm 
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Table 36: Film Thickness Results For Tubli-Seal Xpress Sealer (Group 1): 
 
Sample # 
 
Film Thickness 
(µm) 
 
Mean  
 
SD 
 
C.O.V. 
1 20 µm  
 
 
26 
 
 
 
 
 
5.522681 
 
 
 
0.212411 
2 30 µm 
3 29 µm 
4 31 µm 
5 20 µm 
 
 
 
 
Table 37: Film Thickness Results For AH 26 Sealer (Group 2): 
 
Sample # 
A1 (mm) 
Thickness of two glass 
disk without sealer  
A2 (mm) 
Thickness of two glass 
disk with sealer in 
between 
Film Thickness  
A2-A1 
mm µm 
1 13.221 mm 13.232 mm 0.011 mm 11 µm 
2 13.192 mm 13.201 mm 0.009 mm 9 µm 
3 13.231 mm 13.241 mm 0.01 mm 10 µm 
4 13.181 mm 13.191 mm 0.01 mm 10 µm 
5 13.253 mm 13.261 mm 0.008 mm 8 µm 
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Table 38: Film Thickness Results For AH 26 Sealer (Group 2): 
 
Sample # 
 
Film Thickness 
(µm) 
 
Mean  
 
SD 
 
C.O.V. 
1 11 µm  
 
 
9.6 
 
 
 
 
 
1.140175 
 
 
 
0.118768 
2 9 µm 
3 10 µm 
4 10 µm 
5 8 µm 
 
 
 
 
Table 39: Film Thickness Results For Apexit Plus Sealer (Group 3): 
 
Sample # 
A1 (mm) 
Thickness of two glass 
disk without sealer  
A2 (mm) 
Thickness of two glass 
disk with sealer in 
between 
Film Thickness  
A2-A1 
mm µm 
1 13.221 mm 13.231 mm 0.01 mm 10 µm 
2 13.203 mm 13.212 mm 0.009 mm 9 µm 
3 13.192 mm 13.202 mm 0.01 mm 10 µm 
4 13.192 mm 13.202 mm 0.01 mm 10 µm 
5 13.191 mm 13.202 mm 0.011 mm 11 µm 
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Table 40: Film Thickness Results For Apexit Plus Sealer (Group 3): 
 
Sample # 
 
Film Thickness 
(µm) 
 
Mean  
 
SD 
 
C.O.V. 
1 10 µm  
 
 
10 
 
 
 
 
 
0.707107 
 
 
 
0.070711 
2 9 µm 
3 10 µm 
4 10 µm 
5 11 µm 
 
 
 
 
Table 41: Film Thickness Results For RoekoSeal Sealer (Group 4): 
 
Sample # 
A1 (mm) 
Thickness of two glass 
disk without sealer  
A2 (mm) 
Thickness of two glass 
disk with sealer in 
between 
Film Thickness  
A2-A1 
mm µm 
1 13.201 mm 13.211 mm 0.01 mm 10 µm 
2 13.221 mm 13.231 mm 0.01 mm 10 µm 
3 13.201 mm 13.211 mm 0.01 mm 10 µm 
4 13.181 mm 13.191 mm 0.01 mm 10 µm 
5 13.201 mm 13.211 mm 0.01 mm 10 µm 
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Table 42: Film Thickness Results For RoekoSeal Sealer (Group 4): 
 
Sample # 
 
Film Thickness 
(µm) 
 
Mean  
 
SD 
 
C.O.V. 
1 10 µm  
 
 
10 
 
 
 
 
 
0 
 
 
 
0 
2 10 µm 
3 10 µm 
4 10 µm 
5 10 µm 
 
 
 
 
Table 43: Film Thickness Results For Fillapex MTA Sealer (Group 5): 
 
Sample # 
A1 (mm) 
Thickness of two glass 
disk without sealer  
A2 (mm) 
Thickness of two glass 
disk with sealer in 
between 
Film Thickness  
A2-A1 
mm µm 
1 13.231 mm 13.242 mm 0.011 mm 11 µm 
2 13.181 mm 13.201 mm 0.02 mm 20 µm 
3 13.213 mm 13.222 mm 0.009 mm 9 µm 
4 13.221 mm 13.232 mm 0.011 mm 11 µm 
5 13.231 mm 13.241 mm 0.01 mm 10 µm 
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Table 44: Film Thickness Results For Fillapex MTA Sealer (Group 5): 
 
Sample # 
 
Film Thickness 
(µm) 
 
Mean  
 
SD 
 
C.O.V. 
1 11 µm  
 
 
12.2 
 
 
 
 
 
4.438468 
 
 
 
0.363809 
2 20 µm 
3 9 µm 
4 11 µm 
5 10 µm 
 
 
 
Table 45: Setting Time For Tubli-Seal Xpress Sealer (Group 1): 
 
Sample NO. 
 
Setting Time 
(Min) 
 
Mean 
 
SD 
 
C.O.V 
1 60 min  
 
 
63.33333 
 
 
 
2.581989 
 
 
 
0.040768 
2 60 min 
3 65 min 
4 65 min 
5 65 min 
6 65 min 
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Table 46: Setting Time For Apexit Plus Sealer (Group 3): 
 
Sample NO. 
 
Setting Time 
(Min) 
 
Mean 
 
SD 
 
C.O.V 
1 120 min  
 
 
120 
 
 
 
0 
 
 
 
0 
2 120 min 
3 120 min 
4 120 min 
5 120 min 
6 120 min 
 
 
 
Table 47: Setting Time For RoekoSeal Sealer (Group 4): 
 
Sample NO. 
 
Setting Time 
(Min) 
 
Mean 
 
SD 
 
C.O.V 
1 45 min  
 
 
46.66667 
 
 
 
2.581984 
 
 
 
0.055328 
2 45 min 
3 50 min 
4 45 min 
5 45 min 
6 50 min 
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Table 48: Setting Time For Fillapex MTA Sealer (Group 5): 
 
Sample NO. 
 
Setting Time 
(Min) 
 
Mean 
 
SD 
 
C.O.V 
1 120 min  
 
 
121.6667 
 
 
 
4.082483 
 
 
 
0.033555 
2 130 min 
3 120 min 
4 120 min 
5 120 min 
6 120 min 
 
 
 
Table 49: Solubility Test Results After 24 hours For Tubli-Seal Xpress Sealer 
(Group 1): 
Sample 
NO. 
Dry 
weigh of 
the 
sample 
before 
testing. 
(g) 
Dry 
weigh of 
the 
sample 
after 
testing. 
(g) 
Mass of 
leached 
material. 
(g) 
Dry 
weigh of 
the dish 
B before 
testing. 
(g) 
Dry 
weigh of 
the dish 
B after 
testing. 
(g) 
Mass of 
the 
residue 
in dish B 
after 
testing. 
(g) 
1    0.9774 0.9541 0.0233 43.6750 43.6943 0.0193 
2 0.7791 0.7578 0.0213 42.8377 42.8583 0.0206 
3 0.6990 0.6804 0.0186 45.5645 45.5820 0.0175 
4 0.9432 0.9205 0.0227 43.2070 43.2218 0.0148 
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Table 50: Solubility Test 2 Results After 24 hours For AH 26 Sealer (Group 2): 
Sample 
NO. 
Dry 
weigh of 
the 
sample 
before 
testing. 
(g) 
Dry 
weigh of 
the 
sample 
after 
testing. 
(g) 
Mass of 
leached 
material. 
(g) 
Dry 
weigh of 
the dish 
B before 
testing. 
(g) 
Dry 
weigh of 
the dish 
B after 
testing. 
(g) 
Mass of 
the 
residue in 
dish B 
after 
testing. 
(g) 
1 0.6328 0.6224 0.0104 43.3632 43.3740 0.0108 
2 0.6405 0.6324 0.0081 34.7799 34.7871 0.0072 
3 0.9895 0.9812 0.0083 40.6092 40.6174 0.0082 
4 0.6417 0.6302 0.0115 34.9110 34.9195 0.0085 
 
 
 
Table 51: Solubility Test 2 Results After 24 hours For Apexit Plus Sealer (Group 3): 
Sample 
NO. 
Dry 
weigh of 
the 
sample 
before 
testing. 
(g) 
Dry 
weigh of 
the 
sample 
after 
testing. 
(g) 
Mass of 
leached 
material. 
(g) 
Dry 
weigh of 
the dish 
B before 
testing. 
(g) 
Dry 
weigh of 
the dish 
B after 
testing. 
(g) 
Mass of 
the 
residue in 
dish B 
after 
testing. 
(g) 
1 0.8753 0.8582 0.0171 42.3102 42.3244 0.0142 
2 0.7457 0.7280 0.0177 41.5470 41.5633 0.0163 
3 0.6387 0.6258 0.0129 40.1777 40.1882 0.0105 
4 0.6467 0.6323 0.0144 47.3749 47.3883 0.0134 
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Table 52: Solubility Test 2 Results After 24 hours For RoekoSeal Sealer (Group 4): 
Sample 
NO. 
Dry 
weigh of 
the 
sample 
before 
testing. 
(g) 
Dry 
weigh of 
the 
sample 
after 
testing. 
(g) 
Mass of 
leached 
material. 
(g) 
Dry 
weigh of 
the dish B 
before 
testing. 
(g) 
Dry 
weigh of 
the dish 
B after 
testing. 
(g) 
Mass of 
the 
residue 
in dish B 
after 
testing. 
(g) 
1 0.9534 0.9526 0.0008 42.5580 42.5586 0.0006 
2 0.7680 0.7677 0.0003 47.8800 47.8802 0.0002 
3 0.6623 0.6621 0.0002 39.3011 39.3020 0.0009 
4 1.0222 1.0216 0.0006 40.5340 40.5358 0.0018 
 
Table 53: Solubility Test 2 Results After 24 hours For Fillapex MTA Sealer (Group 
5): 
Sample 
NO. 
Dry 
weigh of 
the 
sample 
before 
testing. 
(g) 
Dry 
weigh of 
the 
sample 
after 
testing. 
(g) 
Mass of 
leached 
material. 
(g) 
Dry 
weigh of 
the dish 
B 
before 
testing. 
(g) 
Dry 
weigh of 
the dish 
B after 
testing. 
(g) 
Mass of 
the 
residue 
in dish 
B after 
testing. 
(g) 
1 0.9551 0.9545 0.0006 47.8570 47.8580 0.0010 
2 1.1517 1.1510 0.0007 48.3074 48.3085 0.0011 
3 1.1241 1.1236 0.0005 43.8332 43.8340 0.0008 
4 1.0882 1.0875 0.0007 40.2820 40.2831 0.0011 
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